TUAZ
VOL: 11,NO: 2, 335-349 2014-2

Building form effects on energy efficient heat pump
application for different climatic zones

Banu ERDIM*, Giilten MANIOGLU**

* Seattle WA, USA

** Istanbul Technical University, Faculty of Architecture, Department of Architecture,
Istanbul, TURKEY

Received: July 2014 Final Acceptance: December 2014

Abstract:

Energy efficiency in built environment remains the most important sustainable building
issue, not only because of its environmental impacts but also the probability of
significantly higher future energy costs. Optimized passive design integrated renewable
energy systems can greatly reduce the energy consumption in buildings. In this study;
in order to provide energy conservation and climatic comfort in buildings, an approach
which aims to control the energy consumption of heat pumps in different climatic zones
by controlling decisions related to building design parameters has been developed. For
this purpose, four different building forms, namely square, rectangular, L-shaped and
H-shaped which have the same floor area, volume and optical and thermophysical
properties of building envelope are examined in temperate, hot and cold zones of Turkey
by using a building simulation program, e-QUEST. Annual total heating and cooling
energy consumptions of vertical loop ground and air source heat pump systems are
calculated for every building form in temperate-dry, hot and dry and cold climatic zones.

Keywords: Building form, heat pump, climatic zones, energy conservation, building
energy simulation.

1. Introduction

Creating a low energy profile while providing energy efficiency and climatic
comfort is a major challenge for designers of sustainable buildings. Extracting
and consuming non-renewable energy resources such as fossil fuels and
nuclear energy have profound environmental and social implications.

A sustainable building should ideally use very little energy, and renewable
energy should be the source of most of the energy needed for heating and
cooling to minimize the energy consumption in buildings.

Heat pumps are one of the energy efficient systems which use renewable
energy of a building’s surroundings to provide heating and cooling in the
building. They are classified by their heat sources such as; air, water and
ground.



The performance of closed-loop ground heat exchangers is rather different
than air coupled heat exchangers in that the primary heat transfer mechanism
is conduction rather than convection. Using the ground as a heat source in an
air conditioning system is attractive from a thermodynamic point of view, as
its temperature is generally much closer to room conditions than the ambient
dry bulb or wet bulb temperatures over the whole year. This results in both
improved performance and increased capacity in extremely hot or cold climatic
zones (Daniel et al. 2005, Summer 1976, Erdogan et al. 2006).

Energy conservation in buildings can be achieved with heat pump systems
by means of variables such as air temperature, mean radiant temperature, air
movement and air humidity (Erdim, 2010). Heat pumps should be successfully
implemented with the application of passive design parameters through the
management of energy consumption in buildings.

The most important design parameters affecting indoor climate and energy
consumption on a building scale are location, building form, orientation of the
building and optical and thermophysical properties of the building envelope. All
of these parameters are interrelated and the optimum value of each parameter
should be determined depending on the values of the others (Koglar &Yilmaz,
2003).

More recent research appears to focus on the issues of heat gain and loss
and thermal comfort as a basis for formulating building form utilizing passive
strategies on a different scale.

Lin showed that the energy consumption of a building depends on the building
shape. In cold areas, the larger the external surface of the building, the more
energy is used for heating; thus the optimum form of the building should have
minimum external surface (Lin, 1981).

Depecker et al. studied the relationship between shape and energy
requirements during the winter season in two French localities with different
climate conditions, Paris and Carpentras (a town placed in southern France
with a mild climate). In Paris they found a strong correlation between energy
consumption and shape coefficient whereas in Carpentras they did not. So
they did not give specific indications as far as the building design in mild
climates is concerned. With regard to climatic conditions similar to those
of Carpentras they asserted: “A link between the energy consumption of a
building and its shape can no longer be stated. As a consequence, that leaves
architects to choose any shape” (Depecker et al., 2001).

In another study, Mingfang found that the south is the optimum orientation of
a building both for solar heat gain in the winter and solar heat control in the
summer. Geometric shapes of buildings for solar control in the summer were
discussed, and it was demonstrated that the optimum building proportion for
solar control is a rectangular plan (Mingfang, 2002).

Yilmaz, Koclar and Manioglu discuss to determine the building form which
ensures minimum heat loss throughout the whole building envelope. The
building form is described by the indicator A/V (the ratio of total fagade area to
building volume). The heat loss is determined according to the U value of the
building envelope. The building form which ensures minimum heat loss with
a calculated limit U value is taken as the reference building form (A/V ratio).
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The revised U values related to the reference building form are expressed
with charts which help designers to revise building envelope U value for
opaque component in order to achieve heating economy without changing
other design parameters. Results confirm that especially in cold climates, the
building form which is as close to the reference building form as possible
should be selected (Yiimaz et al. 2000, Yiimaz et al. 2002).

Aksoy and Inalli studied the effects of passive parameters such as orientation
positions and shape factors on the annual heating energy use of buildings.
It is shown that buildings with a square shape have more advantages, and
the most suitable orientation angles are 0°C and 80°C for the buildings with
the shape factors (the ratio of building length to building depth ) 2/1 and 1/2,
respectively (Aksoy & Inalli, 2006).

Okeil was interested in developing a systematic comparison and an evaluation
of the relationship between the urban building form and energy efficiency
of three generic forms: two conventional forms and one proposed energy
efficient form. The energy efficiency is evaluated in terms of solar exposure in
winter and reduced heat gain in summer through the support of strategies for
mitigating the urban heat island effect. The study shows that the approach can
produce building forms that allow the maximum potential of passive utilization
of solar energy in buildings to be reached and the newly developed building
forms support strategies for mitigating the urban heat island effect through
increased airflow, the promotion of marketable green roofs and the reduction
of transportation energy (Okeil, 2010).

Zerefos et al., examine the energy consumption behavior of buildings in
Mediterranean climates, which have polygonal and prismatic envelopes.
Especially, the study aims to investigate the differences in energy consumption
of these kinds of buildings compared to orthogonal building envelopes. For this
purpose, a contemporary building was chosen and modelled in two different
versions, one was the original prismatic form and the other was a model of the
same building with right angles, however retaining all area and volume data of
the original prismatic building. Calculations revealed that the building with the
prismatic form has lower solar gains compared to its orthogonal counterpart
and consumes less energy in an annual cycle (Zerefos et al., 2012).

Climatic comfort conditions cannot be met by only passive systems in
a given period of the year. In order to reach the required climatic comfort
conditions, supplementary heating and cooling systems becomes necessary.
If a supplementary system is required for a building, the amount of energy
which will be used in that system depends on the thermal performance of
the passive design system. The building form affecting thermal comfort of
the building influences the total heat loss and gain of the whole building.
The fagade area of the building and consequently the amount of heat flow
through it can be altered due to the change in the building form. Moreover the
orientation of the building form is the indicator of the amount of heat gained
from solar radiation through building envelope. Thus, the amount of heat
gained from solar radiation in the building volume is a function of the direction
of the facades. Therefore the building form is the basic determinant of the
indoor climate and also of the amount for supplementary energy consumption
(Yiimaz, 1988).

Building form can be defined with the shape factor (the ratio of building length
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to building depth), height and roof type. It is possible to determine a lot of
building forms that yield the same volume, but with a different fagade area. As
is known, total heat loss changes with the form of a building even if the floor
area remains the same. The most appropriate building form and heat pump
alternative should be chosen according to the heating and cooling energy
consumption. In order to minimize energy consumption and to determine
the most energy efficient combination among the alternatives, an approach
aiming to provide climatic comfort should be followed (Yilmaz et al., 2000).

This study aims to measure the impacts of energy efficient design parameters
on energy consumption. Moreover, the study goes further to examine the
energy consumption of the buildings which incorporate renewable energy
systems. For this purpose, a methodology which aims to control the energy
consumption of heat pumps by controlling the decisions related to building
design parameters has been developed. The study aims to evaluate the effect
of building design parameters and climatic conditions on energy-efficient heat
pump applications. In this study, annual energy consumptions of different
building forms such as square, rectangular, L-shaped and H-shaped which
have the same floor area, volume and, optical and thermophysical properties
of building envelope are studied and the results are analysed in terms of energy
conservation. To gain better understanding about the relations between climatic
conditions, building forms, heat pump systems and buildings’ energy demand,
three locations with different climatic conditions are chosen. The methodology
is used in Ankara, Diyarbakir, and Erzurum which are representative cities of
Turkey for temperate-dry, hot-dry and cold zones respectively.

2. The methodology

This study aims to evaluate the performance of different building forms with
the use of heat pumps to provide climate comfort and energy conservation.
For this purpose, the annual energy consumption of air source and ground
source heat pump application are calculated for four different building forms
which have the same floor area, volume and, optical and thermophysical
properties of the building envelope. The proposed methodology is used in
Ankara, Diyarbakir and Erzurum which are representative cities of Turkey
for temperate-dry, hot-dry and cold zones respectively. As a result of these
calculations, the optimum building form and heat pump combination which
has the minimum energy consumption is proposed for every climatic zone by
comparing the annual heating and cooling energy consumption. The following
assumptions have been made for the application.

2.1. The determination of design parameters affecting heating and
cooling energy consumption in a building

As the main design parameters are important for determining the indoor thermal
comfort and additional energy consumption systems, the decisions taken
concerning design parameters for energy efficient heat pump applications are
given below;

«In this application building on a flat ground are chosen, and the buildings are
not shaded by other buildings.

*The proposed methodology is applied for residential buildings with four-
person apartment units.

*The proposed methodology is for 4 different buildings with different building
forms (square, rectangular, L-shaped and H-shaped). The selected buildings
are considered as 2 storeys high, detached with flat or pitched roof as shown
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in Table 1. In order to follow their thermal behaviours, selected building forms
(square, rectangular L-shaped and H-shaped) are modelled with flat roof and
pitched roof without overhang.

Table 1. 3 D images of the buildings used in the application. *Each building’s floor area is 100 m?;

volume is 600 m?® and has a different

2D

3D Pitched Roof 3D Flat Roof

facade area according to its form.
Only L shaped building form and

Square

rectangular building form have the
same floor area, total exterior fagade
area and volume.

*Exterior fagcade areas of the square,
rectangular, L-shaped and H-shaped
building forms are 240 m?, 348 m?,
348 m? and 318 m? respectively.
*The occupancy period of the

Rectangle

buildings used in the application is
considered as from 18:00 to 07:00 on
weekdays, 24 hours on weekends.
The simulation program takes into
account the internal heat gain of the
occupants, which come from not
only 4 occupants in each apartment

L-shape

unit, but also from the appliances,
electronic devices and lighting.

*The external surfaces of the opaque
elements are painted in dark colour
with the solar radiation absorptivity
of ao= 0.70 in cold (Erzurum), and

L

H-shape

temperate-dry  (Ankara) climatic
zone, in white colour with the solar
radiation absorptivity of ao= 0.40 in
hot-dry climatic zone (Diyarbakir).
*The transparency ratios of the
building envelopes kept constant
as follows: North: 10%, East: 20%,
South: 30%, West: 20%

v
o
N
*

*Window type is double glazed
Low-E with wooden sash. Overall heat transfer coefficient of the transparent
component is U_window = 1.8 W/m?K.

*In this study, same optical and thermophysical properties of the building
envelope are used for all building forms. The details of opaque and transparent
elements (external wall, ceiling-flat roof and pitched roof- floor and window)
derived for the applications are shown in Table 2.

*The overall heat transfer coefficients of opaque elements are considered less
than or equal to the limit values suggested for Ankara, Diyarbakir and Erzurum
according to TS 825 (TS 825, 1998). Opaque component alternatives which
provide these overall heat transfer coefficients are chosen from the building
materials which are produced and commonly used in Turkey

*Air source and vertical loop (ASHP) and ground source heat pump (GSHP)
systems are used in the buildings for application.

*Heating set point temperature is determined as 15 °C (Koglar, 1991).

*Using bioclimatic comfort chart, seasonal cooling period is determined
based on inside air movement speeds required with the effects of outside air
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temperature and relative humidity. When the required ventilation rate is over
0,8 m/sec., it is considered that the natural ventilation cannot be achieved and
cooling is required (Berkoz et al. 1991, Aksit 2002).

*During the occupied period, the comfort value of indoor air temperature is
taken as 21°C for heating and as 26°C for cooling according to international
standards and Turkish Standard, TS 825 (TS 825, 1998).

*During the unoccupied period, the value of indoor air temperature is taken as
16°C for heating and as 30°C for cooling.

*The coefficient of performance (COP) value is 3,8 for ground source heat
pump and 2,72 for air source heat pump

*The energy efficiency ratio (EER) value is 10 for ground source heat pump
and 8,08 for air source heat pump

*The depth of heat exchanger for GSHP is 100 m.

Table 2. Details of building envelope components according to climatic zones.

Thicknesss of the Overall heat transfer coefficient

material Uo (W/m?K)
Opaque
components Materials m Ankara Diyarbakir Erzurum
Cement mortar 0,02
A D E
vigh |redipohEtemeipm 004 003 006 0493 0562 039
Porous light brick 0,19
Lime mortar 0,02
Glass wool A D E
Ceiling-1 i | 089 B3 0,283 0,396 0,248
Concrete slab 0,12
Lime mortar 0,02
Gravel 0,05
Felt 0,007
Extruded polystyrene foam B D E
012 009 013
Ceiling-2 Polymer Bituminous waterproof 0.007 0,291 0,373 0,249
Lightweight concrete for slopes 0,08
Concrete slab 0,12
Lime mortar 0,02
Wood 0,02
Cement finish 0,05
Polymer Bituminous waterproof 0.007
A D E
Extruded polystyrene foam 006 004 007 0413 054 0369
Floor Polymer Bituminous waterproof 0.007
Lean concrete 0.1
Rubble masonary 0,15
Ground
Window 1,80 1,80 1,80

2.2. Calculation of total energy consumption of heat pump systems in
the building

All calculations are made with real atmosphere values according to the
meteorological data, provided by the Turkish State Meteorological Service.
Throughout the application study calculations are made by using a building
simulation program, e-QUEST. e-QUEST is a building energy use analysis
tool derived from an advanced version of the DOE-2 simulation engine which
helps users to perform building energy simulations by considering the state-
of-the art building technologies (Url-1). The DOE-2 engine has the ability
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to simulate the thermal behavior of spaces in a building, where heat loads,
such as solar gain, equipment loads, people loads, lighting loads, and air
conditioning systems can be modeled and simulated with the engine.

DOE- 2 is a program designed to explore the energy behavior of proposed
and existing buildings and their associated HVAC systems. It employs
weighting factors for the calculation of thermal loads and room temperatures.
With weighting factor method, an hourly thermal load calculation is performed
based on a physical description of the building and that hour’s ambient
weather conditions. These loads are used, along with the characteristics
and availability of heating or cooling systems for the building to calculate air
temperatures and heat extraction or heat addition rates (DOE 2 1980, DOE 2
1981, DOE 2 1993, DOE 2 1993).

e-QUEST is a complete interactive Windows implementation of the DOE-2
program with added wizards and graphic displays to aid in the use of DOE-
2. e-QUEST calculates hour by hour building energy consumption over an
entire year (8760 hours) using hourly weather data for the location under
consideration. Inputs to the program consists of a detailed description of
the building being analyzed, including hourly scheduling of the occupants,
lighting, equipment and thermostat settings. e-QUEST provides an accurate
simulation of such buildings features as shading, fenestration, interior building
mass, envelope building mass and the dynamic response of different heating
and air conditioning system types and controls (Hirsch, 2009).

In the calculation, the amount of energy consumed for efficient operation of
the system depending on the air temperature is taken into account. In the
simulations, the comfort value of the indoor air temperature for all spaces of
the buildings is considered as equal and thus, the effect of the internal walls
and floors are neglected. Therefore, for heating and cooling loads calculations,
the whole volume of the building is taken into account.

Climatic data for 1 year known as a weather year are required for calculating
the building energy demand. Typical Meteorological Year (TMY) file is prepared
as ‘Hourly Meteorological Year’ file for Ankara, Diyarbakir and Erzurum (Url-2,
Tavil et al. 1996).

3. Results

Energy consumptions of ASHP and GSHP systems applications for different
building forms (square, rectangular, L-shaped, H-shaped) with different roof
types (flat roof, pitched roof) are calculated for each climatic zone. Monthly
energy consumptions calculated in Ankara, Diyarbakir and Erzurum are
expressed in charts where minimum energy consumptions represent the
spring season. On the other hand, the heating and the cooling periods can
be observed with the increase of energy consumptions (Table 3, Table 4
and Table 5). Climatic parameters like outside air temperature and ground
temperature are also shown in the charts in order to evaluate their effects on
the performance of heat pumps.

Annual energy consumptions of heat pump systems in different building forms
are adjusted from monthly energy consumptions for a better performance
evaluation. Annual total energy consumptions of ASHP and GSHP systems
used in different building forms which have the same floor area, volume and
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optical and thermophysical properties of building envelope are compared
for temperate-dry climatic zone (Ankara) in Fig.1, for hot-dry climatic zone
(Diyarbakir) in Fig.2, and for cold climatic zone (Erzurum) in Fig.3. An optimum
building form and heat pump combination is chosen for every climatic zone.

Table 3. Annual total energy consumption for Ankara (temperate-dry climatic zone).
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Table 5. Annual total energy consumption for Erzurum (cold climatic zone).

Figure 1.

The comparison of annual energy

consumption of ASHP and GSHP systems in square,

rectangular,
for Ankara.

L-shaped and H-shaped building forms
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After the comparison of calculated values of heat pump applications for
different building forms, the results are summarized as follows:
*For the evaluation of monthly energy consumption variations for Ankara,
when ASHP systems are used, the energy consumption increases for heating
period and decreases for cooling period. On the other hand, when GSHP
systems are used in Ankara, energy consumption increases for cooling period
and decreases for heating period (Table 3).
*As it can be seen in Figure 2, using ASHP
systems in Ankara provides the lowest
ANKARA (temperate-dry) annual energy consumption.
20000 *When ASHP use is compared with GSHP
18000 .
s use, annual energy consumption reduces
14000 15% for square form, 22% for rectangular
12000 form, 18% for L-shaped form and 13% for
= . .
£ 10000 + H-shaped form in Ankara (Figure 1).
o] ‘When evaluating variations in monthly
2000 4 energy consumptions in I?iyarba!qr, .it
2000 can be seen that the cooling period is
0 . . . longer than those in Ankara and Erzurum
|:| o] L D:D and consequently the cooling loads
. . consumptions are higher. However, when
| OFlat roof- ASHF @Flat roo-GSHFP  ®Pitched roof- ASHF  OPitched roof-GSHP | .
comparing ASHP and GSHP systems,

cooling loads decrease with the use of
ASHP and the heating loads decrease
with the use of GSHP (Table 4).

*As it can be seen in Figure 2, using ASHP
systems in Diyarbakir provides the lowest
annual energy consumption.
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*When ASHP use is compared with the
GSHP use, annual energy consumption
reduces, 23% for square form, 31% for
rectangular form, 25% for L-shaped form
and 22% for H-shaped form in Diyarbakir
(Figure 2).

*When evaluating variations in monthly
energy consumptions in Erzurum, it can
be seen that this city has the longest
heating period and the shortest cooling
period, thus the energy consumptions
for the heating period are very high.
In Erzurum, when ASHP systems are
used, the energy consumption increases
for heating period and decreases for
cooling period. On the other hand, with
the use of GSHP in Erzurum, the energy
consumption increases for cooling
period and decrease for heating period
(Table 5).

*As it can be seen in Figure 3, using
GSHP systems in Erzurum provides the
lowest annual energy consumption.
*When GSHP use is compared with
ASHP with, annual energy consumption
reduces, 10 % for square form, 6 % for
rectangular and L-shaped building form,
and 8 % for H-shaped form in Erzurum
(Figure 3).

*When different building forms (square,
rectangular, L-shaped and H-shaped)
which have the same volume and same
floor area are studied, they present
different heating and cooling loads
(Figure 1, 2 and 3).

*For every climatic zone, square building
form presents the lowest annual total
load (Figure 1, 2 and 3).

*Comparing average annual loads
of square building forms with those
of H-shaped, rectangular and
L-shaped building form, annual energy
consumptions are increased by 19
%, 27 % and 38 % respectively in the
temperate-dry climatic zone and 18 %,
33 % and 39 % in the hot and dry climatic
zone (Figure 1 and 2).

For the cold climatic zone, when ranking
total energy consumption for each
building form, rectangular, H-shaped and
L-shaped building forms provide 19%,
24% and 32% more energy consumption
respectively, compared with the average
annual loads of square building form
(Figure 3).

DIYARBAKIR (hot-dry)

20000
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8000 | -
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| OFlat roof- ASHP  @Flat roof-GSHF  ®Pitched roof- ASHP  OPitched roof-GSHP |

Figure 2. The comparison of annual energy
consumptions of ASHP and GSHP systems in square,
rectangular, L-shaped and H-shaped building forms
for Diyarbakir.
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Figure 3. The comparison of annual energy
consumptions of ASHP and GSHP systems in square,
rectangular, L-shaped and H-shaped building forms
for Erzurum.
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Figure 4. The comparison of annual energy

consumption of flat and pitched roof when ASHP

and GSHP systems are used in Ankara, Diyarbakir,
Erzurum for square building form.
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Figure 5. The comparison of annual energy
consumption of flat and pitched roof when
ASHP and GSHP systems are used in Ankara,
Diyarbakir, Erzurum for rectangular building
form.
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Figure 6. The comparison of annual energy
consumption of flat and pitched roof when
ASHP and GSHP systems are used in Ankara,
Diyarbakir, Erzurum for L-shaped building
form.
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Figure 7. The comparison of annual energy
consumption of flat and pitched roof when
ASHP and GSHP systems are used in Ankara,
Diyarbakir, Erzurum for H-shaped building
form.

*The results of the study of the roof effect on the
annual energy consumption for each building
form in different climatic zones are given in
Figure 4, 5,6 and 7.

*For the comparison of the calculation results
of the pitched roof and flat roof application for
the same building form; the annual heating and
cooling energy consumption of pitched roof
application is 5 %, 6 %, 5 % lower than the
flat roof application in Ankara, Diyarbakir and
Erzurum respectively (Figure 4, 5, 6 and 7). The
percentage values are computed by taking the
average of each difference value.

In all calculations, the annual energy
consumption of rectangular building form is
9-10 % less than the energy consumption of L
shaped building form as seen in Figures 5 and
6. The difference between the annual energy
consumptions of L shaped building form and
rectangular building form which have the same
floor area, total exterior facade area, volume,
roof type and optical and thermo physical
properties of building envelope are caused due
to the fact that they have the same transparency
ratio but different fagade areas oriented to the
same direction (Erdim &Manioglu, 2011).

4. Conclusions

Heating and cooling energy consumptions
can be controlled when important energy
defining design decisions are made during
the design phase in order to provide climatic
comfort and energy conservation in buildings.
With an integrated design process, the design
parameters such as building form, building
envelope and location of the building which have
an important role on the energy consumption of
the building contribute more to energy efficient
heat pump applications.

The method which is introduced in this paper is
used to determine the building form and heat
pump system combinations which provide the
climatic comfort conditions with the minimum
energy consumption in different climatic zones.
The methodology enables us to select optimum
building form in different climatic zones for
energy efficient heat pump systems which
ensure minimum energy consumption without
changing the values of other design parameters
in the design process. The results of this
application are summarized below.
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*The square building form which has the smallest exterior facade area provides
the minimum heating and cooling energy consumption in every climatic zone
as expressed in former published studies.

+Different building forms with different exterior facade areas present different
annual energy consumptions even if they have the same volumes.

*Although they may have the same floor area, the same total exterior fagade
area, the same volume, roof type, the same optical and thermophysical
properties of the building envelope, the annual energy consumption of
buildings varies upon different forms they may have.

*Energy consumptions of different heat pump applications in different climatic
zones depend on the heating and the cooling period duration and intensity.
Therefore selection of the right heat pump application for a chosen building
form is only possible by taking into consideration the climatic conditions of the
region.

*The roof type which is a component of the building form and the fagade areas
oriented to different directions have an important effect on the annual energy
consumption.

Therefore, in order to evaluate the impacts of building design parameters
in different climatic zones on energy efficient heat pump applications, the
proposed methodology should be applied step by step for each different type
of building even the building forms have the same floor area, total exterior
facade area, volume and optical and thermophysical properties of building
envelope. As a result of this, the building form and heat pump combination
which has the lowest annual heating and cooling energy consumption should
be chosen.

This study shows that energy efficient heat pump application is possible
for different building forms with the developed approach under different
climatic conditions. In other words, this proposed methodology allows us to
quantify the impact of different design parameters on the need for energy
conservation. However, in this study, a limited number of building form and
heat pump combination alternatives are discussed for Ankara, Diyarbakir and
Erzurum region. The assumptions made for this application can be modified
according to the parameters of any building and the climatic conditions of any
region under consideration. Thus, the method can be applied to any region
and to any building to determine the optimum building form and heat pump
application in terms of energy conservation. Repeating the calculations of the
proposed method for other climatic regions and for all possible combinations
of the design parameters, the most appropriate architectural solutions for
energy efficient design can be obtained.

Although a general recommendation for the best heat pump application for
different climatic region cannot be given in the present work, this approach
is shown to be capable of giving clear insights on the relationships between
energy, building form, climatic condition and heat pump performance which
are four crucial parameters to estimate the final energy consumption.

The suggestions about approach in order to contribute to future studies are
as follows,

*Heat losses and gains with different exterior fagades can be examined in
more detail by simulating different dimensions in each building form.

*The approach can be developed by taking into consideration the parameters
such as initial investment costs and life cycle costs.

*The approach can be applied to the existing building forms during renovation

346 ITU A|Z 2014 - 11/ 2 - B. Erdim, G. Manioglu



by proposing appropriate values for the design parameters such as building
envelope, roof type and heat pump type, thus it will be possible to provide
energy efficiency in an existing building.

In conclusion, in order to provide climate comfort with minimum energy in
buildings, it is possible to determine optimum values for the building design
parameters in the early design stage with the use of heating and cooling
systems.
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Farkli iklim bolgeleri igin enerji etkin 1s1 pompasi uygulamalarinda bina

formunun etkisi

Enerji bakimindan diger Ulkelere bagimli hale gelen tlkemizde tiketilen enerjinin buytk
bir b6limu binalarin isitiimasinda ve sogutulmasinda kullaniimaktadir. Binalarda ener;ji
korunumu ve iklimsel konfor saglanmasi gerekliligi karsisinda en 6nemli gorev, insaat
ve kullanim asamasinda minimum enerji gerektirecek ve ayni zamanda iklimsel konfor
kosullarini saglayabilecek bir yapma gevre tasarlamaktir.

Birincil enerji kaynaklari bakimindan yeterli kapasitesi olmayan utlkemizde, tiikettigimiz
enerjinin buylk bir bélima ithal edilmekte ve enerji bakimindan diger llkelere daha
da bagdimli hale gelinmektedir. Binalarin isitiimasinda ve sogutulmasinda kullanilan
enerji miktari ise, toplam tiiketilen enerjinin %85"ini olusturmaktadir. Son yillarda ise
dogal kaynaklarin tikenmesi, ¢evre kirliliginin artmasi ve insan saghgini bozan dizeye
ulagsmasi gibi etkenler yuksek enerji harcamalarinin gortldidgi konut sektdrinde,
mekanik I1sitma ve sogutma sistemlerinin enerji harcamalarinin minimum diizeye
indirgenmesini zorunlu kilmaktadir.

Mekanik isitma ve sogutma sistemlerinde kullanilan sivi ve fosil yakit gibi enerji
kaynaklarinin yetersiz ve pahali olusu, bu enerji kaynaklarinin gevreye kirlilik yaymasi
ve insan sagligini tehdit edecek duzeye ulasmasi sonucunda, binalarda enerji
tiketiminin minimum dlzeyde tutulmasi igin pasif sistemlerle birlikte, glines, riizgar,
biyokitle ve cevre enerjileri gibi alternatif enerji kaynaklarini kullanan ve binaya
sonradan entegre edilen aktif sistemlerin (glines kollektorleri, glines pilleri, rizgar
tribUnleri vb.) kullanimi bir zorunluluk haline gelmistir.

1970'li yillarda petrol krizi sirasinda yaygin kullanimina gecilen 1si pompalari, enerji
korunumunu saglamak ve CO, emisyonlarini azaltarak gevre kirlenmesine neden
olmadan endustriyel ve guinlik uygulamalarda kullanilabildigi i¢in son yillarda Gzerinde
yogun calismalar yapilan bir konu haline gelmistir. Mekanik isitma ve sogutma
sistemleri olarak kullanilan 1s1 pompalari kaynaklarina gore yer, su ve hava kaynakli
olarak siniflandiriimaktadir. Isi pompasi kullaniminda i1sitma ve sogutma icin gerekli
enerjinin % Unu ¢evreden almakta ve geri kalanini ise tahrik enerjisi olarak elektrik
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akimindan temin etmektedir. Cevre enerjisini kullanan 1s1 pompalariyla, topragin,
havanin, yeralti ve ylizey suyunun enerjisinden faydalanilarak binalarda kisin i1sitma,
yazin ise sogutma saglanabilmektedir. Yazin mekandan alinan isi, 1sI pompasi
yardimiyla toprada, havaya, yeralti veya ylzey suyuna aktarilirken, kisin mekani
Isitmak icin gerekli 1s1, 1sI pompasi vasitasiyla topraktan, havadan, yeralti veya ylizey
suyundan c¢ekilebilmektedir.

Yilin belirli donemlerinde dis iklim kosullarindaki degisiklikler nedeniyle, pasif
sistemlerle konfor kosullari belirli sinirlara kadar saglanabilmekte ve bu sinirlarin
Otesinde binalarda mekanik i1sitma ve sogutmaya gerek duyulabilmektedir. Mekanik
Isitma ve sogutma harcamalarinin beraberinde yuksek enerji maliyeti ve gevre kirliligi
gibi problemler getirdigi bilinmektedir. Mekanik 1sitma ve sogutma sistemlerine ihtiyac
duyulmasi sonucu, bu sistemler tarafindan kullanilacak enerji miktari, yapilarin pasif
sistemler olarak ne kadar basarili tasarlandigina baglidir. Bu nedenle, binaya ait
tasarim degiskenlerine iligkin kararlarin, mekanik i1sitma ve sogutma sistemlerinin
enerji harcamalarina en az yuk getirecek sekilde alinmasi gerekmektedir. Isitma ve
sogutma enerji harcamalarini etkileyen en énemli tasarim degiskenleri; binanin yeri,
binanin formu, binanin yénlendirilisi ve bina kabugunun optik ve termofiziksel 6zellikleri
olarak siralanabilir. Yoresel iklimsel kosullarin siddetine bagli olarak bina formu; taban
alanlari ve i¢ hacimleri ayni fakat farkli formlardaki binalarda, kabuk elemaninin
alanlari ve yonlendirilis bicimleri farkli olacagindan, kabuk elemanindan gegen isi
miktarina bagli olarak toplam 1si kayip ve kazanglarini, dolayisiyla mekanik 1sitma
ve sogutma sistemlerinin enerji harcamalarinin miktarini belirler. Dolayisiyla binaya
iliskin tasarim degiskenleri birbirlerini de etkileyerek yillik toplam enerji harcamalarinin
belirlenmesinde 6nemli bir rol oynar.

Bu calismada, binalarda enerji korunumu ve iklimsel konfor saglanmasi amaciyla
mekanik 1sitma ve sogutma sistemleri olarak kullanilan 1si pompalarinin ener;ji
harcamalarini, tasarim asamasinda binaya iliskin tasarim degigkenleri icin alinan
kararlar yardimiyla kontrol altina almayi hedefleyen bir yaklasim gelistirilmistir. Bu
amagla; taban alanlari, i¢ hacimleri ve bina kabugu optik ve termofiziksel 6zellikleri
ayni olan farkli dort bina formu igin (kare, dikdortgen, L ve H formu), toprak ve
hava kaynakl 1s1 pompasinin yillik toplam isitma ve sogutma enerji harcamalari,
bir bina similasyon programi olan e-QUEST programi yardimi ile hesaplanmistir.
Hesaplamalar sonucunda, bina formlarina ait yillik toplam 1sitma ve sogutma enerji
harcamalari degerlendirilmis ve;

*Minimum dis cephe alanina sahip olan kare bina formunun en disilk Isitma ve
sogutma harcamalarini gergeklestirdigi,

*Ayni taban alani, ayni dig cephe alani, ayni i¢ hacime sahip olsalar bile ayni yonlere
bakan farkli cephe alanlari nedeniyle giines isinimindan elde edilen farkl 1si kayip ve
kazanglari sonucu farkl bina formlarinda yillik enerji harcamalarinin degisim gosterdigi,
*Farkli iklim bdlgelerindeki farkli 1si pompasi uygulamalarinda gergeklesen ener;ji
harcamalarinin bdlgenin 1sitma ve sogutma ddénemlerinin yogunluguna bagl olarak
degiskenlik gosterdigi, dolayisiyla dogru 1s1 pompasi seg¢iminin iklim bolgesine bagh
olarak gergeklesebilecegdi ve

*Bina formunun bir bileseni olan ¢ati tipinin enerji harcamalarinda etkin oldugu
sonuglari elde edilmistir.

Geligtirilen yaklagim farkli iklim bdlgeleri igin adim adim uygulandiginda, en disuk
yilhk enerji harcamalarini gerceklestiren bina formu ve i1si pompasi kombinasyonunu
secmek olanaklidir. Bir bagka deyisle gelistirilen yaklagim yardimiyla farkl tasarim
degiskenlerinin niceliksel etkisi 6lctlebilmekte ve binalarda enerji korunumuna katkida
bulunulmaktadir.
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